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nternational concern over the continual loss of natural forests has increased considerably over the last decade (McNeely and Miller 1983 , WCED 1987 , WRI 1994 . The World Resources Institute (WRI) in Washington, DC, has estimated that almost half of the world's original forests have been cleared over the past 8000 years. Of the remaining forests, 22% are relatively undisturbed by anthropogenic forces and remain intact, while the rest have been highly altered and fragmented (Bryant et al. 1997) . The large number of organisms that forests contain helps to sustain many environmental functions upon which humanity is dependent. These functions include photosynthesis, provision of food and other renewable resources, soil generation and preservation, nutrient recycling, filtering of pollution and waste assimilation, climate moderation, maintenance of the hydrological cycle, and regulation of the greenhouse gases in the atmosphere. The protection of natural forests is therefore important in the global landscape, where the human population continues to grow and impinge upon the condition and amount of forest (Ehrlich and Ehrlich 1992 , Sisk et al. 1994 , Folke et al. 1996 .
Given the clear importance of forests, an obvious way to prevent further loss would be to increase the area of protected forests. However, such a policy is beset with the problems of conflicting land use and limited resources. There has been much debate over the criteria used to identify areas of high conservation priority and the standards by which conservation resources are dispensed (e.g., Wikramanayake 1993, Mittermeier et al. 1998) . Forests with high conservation priority are identified through a process that identifies ecoregions of high conservation priority. Examples of this process include the use of biodiversity hotspots or the Global 200 initiative (Myers 1988, Olson and Dinerstein 1998) , where the focus has been on ecosystems rather than strictly on forests.
Recently, WRI introduced the concept of "frontier forest" to identify large, intact, and relatively undisturbed natural forests on a global scale (Bryant et al. 1997) . The term, however, is not widely used in the scientific literature. A search of the online databases CAB Abstracts® and Current Contents® (from 1973 (from and 1996 (from , respectively, to November 2000 revealed that the term has not been used in the title or abstract of any publication other than those of WRI. Nevertheless, the term has been adopted by a number of environmental nongovernmental organizations, including the World Conservation Monitoring Centre, World Wildlife Fund, the Natural Resources Defense Council, and the Rainforest Alliance, and has been adopted also by a number of large funding bodies, including the MacArthur Foundation. Bryant and colleagues (1997) defined frontier forests thus:
• They are of sufficient size to support ecologically viable populations of the largest carnivores and herbivores associated with that particular forest ecosystem, although they may not actually contain these species.
• They are of sufficient size to support ecologically viable populations of these species in the face of a major natural disturbance episode, such as typically occurs once in a century within the ecosystem in question.
• They exhibit a structure and composition shaped largely by natural events, as well as by limited human disturbance from traditional activities such as shifting cultivation.
• They are relatively unmanaged, which allows natural disturbances (such as fire) to occur across most of the area in question.
• They contain mosaics of forest patches representing a range of seral stages, in areas where such landscape heterogeneity would be expected to occur under natural conditions. • They contain most, if not all, of the species associated with that ecosystem type.
• Finally, they are dominated by indigenous species associated with that ecosystem type.
On the basis of this definition, frontier forests were identified and a frontier forest index (FFI) was proposed to prioritize the conservation of forests (Bryant et al. 1997 ). This index ranked countries according to the percentage of frontier forest lost and the percentage of the remaining frontier forest that is moderately or highly threatened by human activities. Countries with a high FFI would have the highest percentage of frontier forest lost and the highest risk of losing all of their remaining frontier forests, which would therefore be of high conservation priority. The following ideas underlie the use of the frontier forest concept for prioritizing the conservation of forests: Pristine and relatively undisturbed forests are distinct in their compositional, structural, and functional diversity, as compared with forests that are disturbed by humans; the protection of pristine and relatively undisturbed forests is vital, given the current global trends in forest loss; and large tracts of pristine and relatively undisturbed forests are biologically more important than smaller remnants of the same forest type.
In this article, we examine these ideas underlying the frontier forest concept and evaluate the utility of the frontier forest index as a means to achieving the overall goal of conservation of forest biodiversity.
How natural should a forest worthy of conservation be?
This question revolves around whether pristine and relatively undisturbed forests are distinct in their compositional, structural, and functional diversity, as compared with forests that are disturbed by humans. The idea that forest ecosystems will develop toward climax systems, which are relatively stable (Clements 1936) , has given way to the more recent views that forest ecosystems are dynamic and in a constant state of change as a result of large-and small-scale disturbances (Botkin 1990 , Attiwill 1994 . The rationale for restricting the criterion of frontier forest to those forests that are relatively undisturbed by humans assumes that human disturbance results in changes in the forest that are different from changes induced by natural disturbances. However, there is a scale of human disturbance, just as there is one for natural disturbance. Among harvesting systems, single-tree selection appears to cause considerably less disturbance than large-scale industrial clearcutting, especially if the former is done by helicopter extraction without felling the tree onto the forest floor. Most harvesting systems used today fall between these extremes, and a gradient of responses might therefore be expected. Within certain thresholds, we can expect that a forest will be able to recover from the effects of human-induced disturbance, such that there will not be any significant changes to the forest composition, function, and structure (Hobbs and Norton 1996) .
The resilience of forests in recovering from varying degrees of human disturbance is best illustrated by studies in the tropical rain forests of South America. Research from these forests has shown that traditional shifting cultivation ("slash and burn") does not significantly change the soil nutrient status or physical structure, and the forest is able to recover and return to mature primary rain forest in a space of about 190 years, with little discernible change in biomass, productivity, nutrient cycling, and species composition (Uhl 1987) . However, the more intensive disturbance that results from the use of fertilizers, fire, bulldozers, or ploughing, which are associated with the conversion of tropical rain forests to pasture, may involve a time-scale for recovery as long as 1000 years or more .
Although there has been much emphasis on the degree of human disturbance, the level of resilience may differ among forest types and thus result in different thresholds to the intensity of human disturbance. Working in the montane ash (Eucalyptus regnans) forests of Victoria, Australia, Lindenmayer and colleagues (1990) found that the spatial distributions of large-diameter trees (i.e., hollow-bearing trees) were typically regularly distributed in unlogged old-growth stands, whereas after clearcutting, the spatial distributions of large-diameter trees tended to be clustered in stands that had regenerated. On the other hand, in a study of unlogged and logged jarrah (Eucalyptus marginata) forest stands in Western Australia, Abbott (1984) did not find any difference in the spatial distribution of large-diameter trees. Unfortunately, there are no published studies that compare the impacts of different intensities of harvesting under fully replicated conditions and across all scales appropriate to biodiversity, although projects such as EMEND (Ecosystem Management Emulating Natural Disturbance) in Alberta, Canada, may help provide answers (Spence and Volney 1999) .
Some forests with a history of human disturbance may still develop structural, compositional, and functional characteristics that are similar to those of relatively undisturbed forests. Whether a forest can recover to some semblance of an undisturbed state is determined by two factors: the degree of human disturbance and the resilience of the forest type. Any criterion used to prioritize the conservation of forests according to its "naturalness" must first identify the threshold at which a logged forest is deemed to have recovered to a state that is indistinguishable from the natural state. Failing this, such a criterion may be of limited value in landscapes where truly pristine forests are rare. The use of the frontier forest criterion will exclude forests that have been relatively disturbed by humans and but that may still be of conservation value.
How much forestland should we protect?
The issue here is the importance of protecting pristine and relatively undisturbed forests, given the current global trends in forest loss. The arguments for the protection of forests often transcend science. Much depends upon the value that society places on forests and the political will to protect such forests (Cairns 1993 ). As such, we doubt that all forests identified by the frontier forest criterion will be completely protected. It would be of greater value to determine the amount of relatively undisturbed forests that should be protected. This is not addressed by the frontier forest criterion.
Currently, many countries aim to conserve at least 12% of their forest cover. This level of conservation follows recommendations in the Brundtland report, which called for the protection of at least 12% of the natural habitat (including forests) in each country (WCED 1987 The percentage of species threatened with extinction is expressed as the number of threatened species versus the total number of species in each taxon.
Source: Data on forest cover are from FAO (2001) . Data on the total number of mammal, bird, and plant species are from UNDP and others (2000) for all countries except Brunei, French Guiana, and Bolivia (birds only), the data for which are from WRI (1994) . Data on the number of mammal, bird, and plant species threatened with extinction are based on the species listed under the IUCN criteria of critically endangered, endangered, and vulnerable for each country (IUCN 2000) .
that, because the percentage of habitat protected globally at that time was approximately 4%, the ultimate aim would be to conserve three times that amount. There is no scientific basis to this figure. More significantly, it paints the misleading picture that, once the 12% ceiling is reached, any form of human-induced extinction in species will be averted, a view that can lead to public complacency and political denial (Soulé and Sanjayan 1998) .
Various estimates of the amount of habitat that must be protected have been proposed as an alternative, although these estimates vary according to ecoregion and habitat type. For example, Margules and colleagues (1988) showed that approximately 45% of the total wetland area in coastal northern New South Wales, Australia, would have to be protected to ensure that all plant species were represented. On the other hand, Saettersdal and colleagues (1993) suggested that at least 75% of the total area of deciduous forest in Norway must be protected to ensure that all plant species were protected. Estimating the amount of habitat that should be protected becomes increasingly difficult in species-rich habitats, such as tropical rain forests, because of difficulties in measuring biodiversity, a lack of survey and monitoring information, and our lack of understanding of density packing in these habitats (Boyle and Sayer 1995) . These difficulties are further compounded by continental and local variability in rain forest species richness. For example, Gentry (1992) showed that the rain forests of tropical America contain at least three times more vascular plant species than the rain forests of Malesia (the region encompassing peninsular Malaysia, Singapore, Borneo, Indonesia, the Philippines, and Papua New Guinea). In contrast, the vascular plant species richness of the rain forests of Africa tends to be poorer than that of the rain forests of tropical America and Malesia. At the same time, high local variation in plant species richness was observed in the rain forests of tropical America and Africa.
In determining the amount of forest to protect, one often ignores the fact that forests are constantly being renewed through reforestation efforts and natural regeneration, and they also constantly decay or deteriorate through human activities and natural succession. On a global basis, the current rate of decay of forests as a result of human activities far surpasses the rate of natural decay (i.e., natural succession) and the rate at which forests can be renewed (i.e., regeneration through natural succession and reforestation). Recognizing this situation, Sinclair and colleagues (1995) proposed that the amount of forest to be protected should be such that the rate of forest decline is balanced by the rate of forest renewal. They illustrated this idea with a habitat decay-renewal equilibrium model and argued that the designation of natural habitat as reserves can help buy time for habitat renewal. This model is appealing because it provides a justifiable and reasonable basis for determining the amount of relatively undisturbed forests that can be protected, as long as the world eventually achieves a consensus on the proportion of natural habitat to be maintained at equilibrium. Much research is urgently required to determine the amount of forest that the world needs to protect. The frontier forest concept does little to address this situation, but it amplifies this need.
How large should a forest worthy of conservation be?
This issue centers on whether large tracts of pristine and relatively undisturbed forests are biologically more important than are smaller remnants of the same forest type.
Use of umbrella species. One measure used to identify relatively undisturbed forests that may be deemed worthy of conservation is whether the size of the forest will allow it to sustain wide-ranging umbrella species (e.g., brown bears [Ursus arctos] or spotted owls [Strix occidentalis]). The justification for using this measure is that by protecting forest areas large enough to accommodate these umbrella species, the protection of a higher number of indigenous species will automatically follow (Bryant et al. 1997 ). This idea is appealing to land managers because such umbrella species serve as coarse filters for the ecosystem, thereby reducing the need to consider the habitat requirements of all species in the community. However, the use of umbrella species does not guarantee that all species in the community will automatically fall under the umbrella. Although use of the concept of umbrella species may appear to conserve large tracts of habitat, often the microhabitat requirements of the umbrella species do not coincide with the requirements of other endangered species within the community (Simberloff 1998) .
A good example is the case of the spotted owl in the Pacific Northwest of the United States. It was hoped that by conserving the spotted owl, which requires approximately 800 hectares (ha) of old-growth forest per pair (Forsman et al. 1984) , a large suite of species would also be saved. While this appears to be true, many species that occur in old-growth forest are not dependent on or closely associated with old- Northwest. Of these 198 species, only 15 were closely associated with old-growth (i.e., significantly more abundant in numbers in old-growth as compared with other seral stages), and another 39 were deemed to be associated with oldgrowth forests (i.e., numerically but not significantly more Countries that will continue to lose their frontier forests without any further conservation action abundant in old-growth as compared with other seral stages). In contrast, 129 species were found in lower abundance in oldgrowth, as compared with the other seral stages. In a more extensive review of species that are dependent on old-growth forests in the Pacific Northwest, Thomas and colleagues (1993) found that 312 of 700 plant species, 149 of hundreds of invertebrate species, 112 of 214 stocks of anadromous salmonids, 4 resident fish species, and 90 of 224 terrestrial vertebrate species were closely associated with old-growth forests. The use of the frontier forest criterion to prioritize forest for conservation may not necessarily result in the conservation of all species threatened with extinction if the concept of umbrella species is used to delineate the size of a natural forest worthy of conservation. We suggest that the umbrella concept be broadened to include a suite of focal species, each of which is used to define spatial and compositional attributes that must be present in the landscape (Lambeck 1997) . Emphasis should be given to conserving species that are closely linked to the functioning of the ecosystem (Folke et al. 1996) . Pickett and Thompson (1976) first highlighted the need to consider the ability of a habitat patch to buffer the effects of natural disturbance within the patch so that extinction rates would be minimized. This idea has been well received and is often incorporated into the design of reserves. This is also another measure of the frontier forest criterion to delineate the size of a natural forest that is worthy of conservation. While Pickett and Thompson (1976) perceived this buffering effect as important, they also put forth two cautions in the application of the idea. The first pertains to knowledge of the size and timing of rare, extensive disturbance events, and the second pertains to the fact that disturbance regimes will differ among regions as a function of climate, geomorphology, and biota. Even within the same region, this can differ, depending on the terrain and isolation by water. For example, in the boreal region of Canada, large fires (over 400 ha) were found to be regular, and fires exceeding 100,000 ha were occasional in flat and unbroken expanses of forest, compared with the much smaller fires in mountainous terrain and in places that 
Extent of natural disturbance as a determinant.
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Frontier forest index are bounded by water (Kilgore 1981 , Foster 1983 . Recent use of spatially explicit and stochastic simulation models of fire disturbance in the forest landscape of the state of Wisconsin showed that the probabilities of more severe fires can also change as the landscape ages (He and Mladenoff 1999) . Given the spatial and temporal variation, it is difficult to determine what size forest is required to buffer a natural disturbance.
More important, the upper limit of the size of forest required to buffer natural disturbances may be extremely large (e.g., approximately 10,000 ha or more for boreal forests). It may not be feasible to find a forest of such size in highly fragmented landscapes. In such a scenario, it may be better to have several forest patches of smaller areas extending within the same landscape, so that some insurance against the effects of natural disturbance can be secured. If the frontier forest criterion were applied strictly in terms of the size of the forest required to buffer the rare or occasional large-scale natural disturbance, it would be inevitable that the criterion would be strongly biased toward forests that still occur in large tracts. The value of smaller remnants of natural forests would be ignored. As few countries in the world have large tracts of relatively natural forest, this criterion is of limited utility in many countries.
Role of small forest remnants.
Although not specifically part of the frontier forest criterion, it is generally accepted that between two patches of forest in a fragmented landscape, the larger patch would have higher species richness because of a lower extinction rate and higher habitat diversity and less exposure to edge effects in terms of microclimatic changes and increased predation (Saunders et al. 1991) . It is with these reasons that many forest conservation plans emphasize the importance of conserving large tracts or patches of forest, at the expense of the smaller forest patches.
In recent years, some authors have argued that remnants of forest as small as 150 ha may still contain a high number of species and that the time lag between forest loss and extinction in these remnants may be longer than previously thought. For example, the tropical rain forest in Bukit Timah Nature Reserve in Singapore, which is about 164 ha in size and 
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Frontier forest index has been isolated for about 200 years, still maintains a distinct primary rain forest structure and plant species composition (Turner and Corlett 1996) . While studying birds in tropical rain forest remnants in Kenya, Brooks and colleagues (1999) showed that remnants of approximately 1000 ha in size would most likely suffer half the total number of forest bird extinctions within the first 50 years after isolation. This lends support to the suggestion that small tropical rain forest remnants can retain a relatively large proportion of their biodiversity after decades of isolation.
In a review of the current knowledge on the effects of fragmentation on biodiversity, especially the effect of area on species richness, Zuidema and colleagues (1996) pointed out that much of what we know is based mainly on studies in small forest fragments (i.e., less than 10 ha in size). They argued that such studies cannot be extrapolated to larger-sized, protected forests and do not therefore necessarily support the case for large, protected forest reserves. More recently, a review of 20 long-term fragmentation studies (those studies lasting longer than 3 years) showed that not all of the studies found that species richness increased with increasing fragment size. The observed species-area relationship may depend on the taxon and spatial scale under consideration and may also be influenced by edge effects and interspecies interactions in the habitat fragments (Debinski and Holt 2000) . Developments in spatially realistic metapopulation models have indicated just how complex such relationships are (Hanski and Simberloff 1997) .
The relevance of this observed species-area relationship is that the frontier forest criterion appears to be highly biased toward large, continuous tracts of forests. Such a criterion may have limited utility in landscapes that are highly fragmented.
Interactions between frontier forests and socioeconomic factors
Using the frontier forest index, Bryant and colleagues (1997) identified 47 countries where frontier forests are still present (see table 1). They further ranked the countries according to the risk they ran of losing all their frontier forests and by conservation priority (i.e., countries with high FFI would have the highest risk of losing all their frontier forests and would be of high conservation priority). They identified 11 countries that must act immediately because they are likely to lose most of their frontier forests (FFI ≥ 95). Another 28 countries were identified as having not much time left to protect their remaining frontier forests (FFI ≥ 35 but < 95). Finally, 8 countries, Brazil, Suriname, Guyana, Canada, Colombia, Venezuela, Russia, and French Guiana (an overseas territory of France) were identified as having a chance-with careful forest stewardship-of retaining most of their frontier forest (FFI < 35).
Two questions are of interest, if countries with high FFI are to be accorded greater conservation priority and the goal of conservation is to maintain high biodiversity: Is the ranking of countries on the basis of the FFI consistent with the amount of biodiversity threatened with extinction in these countries? Is the use of the FFI to prioritize the conservation of forests feasible in view of the varying socioeconomic factors in these countries?
Matching the frontier forest index with biodiversity indicators. Two indicators can approximate the amount of biodiversity threatened with extinction: the annual rate of change in forest cover over time (decadal scale) and the percentage of threatened mammal, bird, and higher plant species in these countries. Data used to calculate these indicators were obtained from WRI (1994) , UNDP and others (2000) , and FAO (2001) for the period 1990-2000. Data on the number of bird, mammal, and higher plant species threatened with extinction in each of these countries came from IUCN (2000) ; threatened species-those categorized as critically endangered, endangered, or vulnerable-are expressed as percentages of the total number of species in each taxon (see table 2 ). In all figures and tables, it should be noted that the data for some Table 4 . Global ranks accorded to species by the Network of Natural Heritage Programs and Conservation Data Centers, indicating their conservation status and urgency for conservation or management actions.
Global rank Definition
G1
Critically imperiled (typically 5 or fewer occurrences or 1000 or fewer individuals) G2 Imperiled (typically 6 to 20 occurrences or 1000 to 3000 individuals) G3 Vulnerable; rare or uncommon but not imperiled (typically 21 to 100 occurrences or 3000 to 10,000 individuals) G4 Apparently secure; uncommon but not rare, with some cause for long-term concern (usually more than 100 occurrences and 10,000 individuals) G5 Demonstrably secure; common, widespread, and abundant GH Of historical occurrence (possibly extinct, still searching with the expectation that it may be rediscovered) GX Presumed extinct throughout the range G#-G# Range of ranks, insufficient information to rank more precisely G? Not yet ranked Note: By "occurrence," the Natural Heritage Network is referring to all of the individuals in a species at a particular site.
countries are more reliable than data for others. Global means of the annual rate of forest cover change and the percentage of threatened species in each taxon were calculated by averaging across all countries that have available data (mean annual rate of forest cover change = -0.127%, n = 203; mean percentage of threatened mammal species = 14.5%, n = 154; mean percentage of threatened bird species = 4.6%, n = 149; mean percentage of threatened higher plant species = 0.673%, n = 143). The FFI was plotted separately against the annual rate of change of forest cover and the percentages of threatened mammal, bird, and higher plant species for countries where frontier forests are present (figures 1 through 4, respectively). Conservation priorities attached to countries on the basis of FFI were not entirely consistent with the annual rate of change in forest cover in these countries. Not all countries with high FFI (≥ 95) had high negative rates of change of forest cover. The annual rate of change in forest cover ranged from -3.1% to 1.3%, with 5 of the 10 countries having rates lower than the global mean. Similarly, there was no appreciable trend for countries with moderate FFI (FFI ≥ 35 but < 95). The annual rate of change in forest cover ranged from -1.6% to 1.2%, with 17 of 28 countries having rates lower than the global mean. Countries that had low FFI (< 35) also did not have high positive annual rates of change in forest cover, as would have been expected if low FFI represents lower risk of losing frontier forests and lower conservation priority. In fact, they had rates less than or equal to 0%, with 4 of the 8 countries having rates lower than the global mean ( figure 1 ). An important observation was that the range in the annual rate of change in forest cover (i.e., spread) was larger across countries with high FFI than in countries with low FFI. This suggests that the deforestation situation in countries that still have larger amounts of frontier forests is more stable than in countries that have very little frontier forests left. In this respect, the FFI may be of some utility in conservation planning.
As with the change in forest cover, the trends in the percentages of mammal, bird, and higher plant species that are threatened with extinction in countries with frontier forests did not appear to be entirely consistent with the conservation priorities established by FFI. The expected trend-countries with high FFI will have higher percentages of these threatened species than will countries with low FFI-was not always observed. Less than half the number of countries with high FFI (≥ 95) had percentages of threatened mammal and bird species greater than the global mean (3 of 10 countries for mammals and 4 of 10 countries for birds). At the same time, 6 of 8 countries with low FFI (< 35) had percentages of threatened mammals and bird species below the global mean (figures 2 and 3). The trends for higher plant species did not differ considerably from those of mammal and bird species. However, a higher percentage of countries with high FFI (≥ 95) had percentages of threatened higher plant species that exceeded the global mean (5 of 9 countries), and all countries with low FFI (< 35) had percentages of threatened higher plant species less than the global mean (figure 4). It appears that the amount of frontier forests may be reflective of the percentages of mammal, bird, and higher plant species that are threatened with extinction only in countries where there are large tracts of frontier forests.
Matching the frontier forest index with socioeconomic indicators.
It is important to place forest conservation needs within the context of population pressure and other anthropogenic forces (Sisk et al. 1994) . The socioeconomic conditions of countries were approximated by the percentage of forest in protected areas, the GNP per capita, and the annual rate of population growth. Information on these indicators was obtained from FAO (2001) for countries that were identified as having frontier forests (table 3) . Global means were also calculated for these variables by averaging across all countries in the world with available data (mean percentage of forest currently under protection = 12.6%, n = 165; mean GNP per capita = $5226, n = 159; mean annual rate of population growth = 1.6%, n = 212). The FFI was then plotted separately against the percentage of forest in protected areas, the GNP per capita, and annual rate of population growth for countries where frontier forests are present (figures 5, 6, and 7) .
The results revealed that the percentage of forest in protected areas exceeded the global mean in approximately half or more of the countries with high and moderate FFI (5 of 10 countries with FFI ≥ 95 and 16 of 28 countries with FFI ≥ 35 but < 95). On the other hand, only 3 of 8 countries with low FFI (< 35) had exceeded the global mean in terms of the percentage of forest in protected areas (figure 5). Contrary to the priority ranking based on FFI, the percentage of forests in protected areas suggests that there is a greater need for conservation of forests in countries with low FFI than in countries with high FFI.
Even more startling is the fact that more than three-quarters of the countries with frontier forests had GNP per capita less than the global mean (36 of 43 countries), and slightly more than half of the countries with frontier forests had annual rates of population growth that were greater than the global mean (27 of 46 countries) (figures 6 and 7). This suggests that a global forest conservation prioritization initiative based wholly on the frontier forest criterion will be met with difficulties in terms of socioeconomic issues and the political expediency of implementation.
This simple analysis echoes the view of many other authors who have emphasized the importance of considering the 
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socioeconomic context when prioritizing the conservation of forests on a global scale (Dinerstein and Wikramanayake 1993 , Sisk et al. 1994 , Myers 1998 . Both the frontier forest concept and the resultant frontier forest index are deficient in this respect. Full success in prioritizing forest conservation on a global scale cannot be achieved through such a criterion alone.
Where do we go from here?
Any scheme that attempts to prioritize the conservation of forests must first and foremost determine whether a forest type or community is truly endangered. The mapping and development of terrestrial ecoregions that accurately reflect the past and present distributions of natural communities at global and regional scales is a first step in this direction (WCMC 1997 , Olson et al. 2001 ). This should be followed by the development of indicators of endangerment, which are specific to forests. Noss and colleagues (1995) assessed the endangerment of ecosystems in the United States according to the extent of decline in the ecosystem's historical distribution (i.e., areal loss) and the level of ecological degradation. In addition, the authors highlighted the need to determine the relative risks of further decline of or losses to an ecosystem. They further suggested that the current framework used by the US Fish and Wildlife Service to identify and prioritize the conservation and recovery of endangered species in the United States be adapted for endangered ecosystems. In a similar vein, a biodiversity element ranking system was developed and has been used for more than 10 years by the network of Natural Heritage Programs and Conservation Data Centers to identify and prioritize the conservation of endangered species in the United States, Canada, and Latin America (Master 1991) . Species are assessed according to the indicators of habitat specificity (estimated number, quality, and condition of occurrences), local population size (estimated number of individuals), geographic range (restriction of range and habitat), trends of decline (in populations and habitat), immediate threats (including human activities and protection, as well as socioeconomic and political factors), and fragility. On the basis of these indicators, species are accorded a global rank that will indicate the conservation status and urgency for conservation or management actions (table 4; Master 1991) . We propose that this existing biodiversity element ranking system and indicators used to identify and prioritize the conservation of endangered species be adapted and developed for use with forest ecosystems.
The use of an analogous ranking system for elements of biodiversity and indicators to assess the endangerment of forest ecosystems is attractive, because forest ecosystems could be ranked not only according to the extent of decline but also ac- Frontier forest index cording to the existing condition of the forest, as well as the amount of forest in protection. Moreover, such a system would address rarity, an indicator that is distinguishable according to geographic range at regional and global scales. More important, this system would be flexible to allow for adaptation and modification to meet the requirements for assessing the endangerment of forest ecosystems. The indicators could be ranked in accordance to their relative importance in identifying endangered forest ecosystems. Immediate threats to the forest ecosystem, which include human activities (e.g., logging or clearing of land for agriculture) and underlying socioeconomic and political factors that may hinder conservation (e.g., political strife and civil war, population growth, economic debt, and poverty) could also be identified. The need to understand and resolve many of the underlying socioeconomic and political problems affecting many developing countries and local communities is key to the successful conservation of forest ecosystems.
Conclusion
Although the intentions behind the frontier forest concept are good in that they reflect concerns about continuing high rates of deforestation worldwide, the use of this concept to develop a prioritization scheme for the conservation of forests is unrealistic. The frontier forest criterion considers only the conservation of forests that are relatively undisturbed, but it falls short of defining the acceptance level of human disturbance. It also does not address the problem of determining the amount of forest to protect and is biased toward large tracts of forests. Although the latter may be ecologically justifiable, it is of little relevance in many parts of the world where forest landscapes are highly fragmented. A prioritization scheme resulting from the frontier forest concept does not reflect the status of forest cover change, biodiversity loss, and socioeconomic conditions in the countries identified as having frontier forests. Taking these deficiencies into consideration, we propose that the existing biodiversity element ranking system and indicators used by the Network of Natural Heritage Programs and Conservation Data Centers to identify and prioritize the conservation of endangered species in the United States, Canada, and Latin America be adapted and developed for use with forest ecosystems. This measure, coupled with existing efforts to map the past and present distributions of forest ecosystems, will facilitate the identification of forests that are truly endangered.
